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(57) ABSTRACT

An origin of a reference coordinate system is assigned to one
of a plurality of center points, and center point coordinates
according to the reference coordinate system are assigned to
remaining center points, so that reference marks successively
correspond to center points of a plurality of microscopes fixed
to a base. Beam position detection marks disposed between
the reference marks with exposure points of exposure heads
fixed to the base are crossed to assign beam coordinates
according to the reference coordinate system to the exposure
points. Thus, alignment may be easily and accurately per-
formed, and is effective for increasingly larger apparatuses.
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1
METHOD OF ALIGNING AN EXPOSURE
APPARATUS, METHOD OF EXPOSING A
PHOTORESIST FILM USING THE SAME AND
EXPOSURE APPARATUS FOR PERFORMING
THE METHOD OF EXPOSING A
PHOTORESIST FILM

PRIORITY STATEMENT

This application is a continuation application of U.S.
patent application Ser. No. 12/402,416 filed on Mar. 11, 2009,
which claims priority to Korean Patent Application No.
10-2008-0039789, filed on Apr. 29, 2008 in the Korean Intel-
lectual Property Office (KIPO), and all the benefits accruing
therefrom under 35 U.S.C. §119, the contents of the prior
applications being herein incorporated by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

Example embodiments of the present invention relate to a
method of aligning an exposure apparatus, a method of
exposing a photoresist film using the method of aligning an
exposure apparatus, and an exposure apparatus for perform-
ing the method of exposing a photoresist film. More particu-
larly, example embodiments of the present invention relate to
a method of aligning an exposure apparatus without using an
optical mask but employing a digital mode, a method of
exposing a photoresist film using the method of aligning an
exposure apparatus and an exposure apparatus for performing
the method of exposing a photoresist film.

2. Description of the Related Art

In a process of manufacturing a printed circuit board
(PCB), a semiconductor wafer, a substrate of a liquid crystal
display (LCD) panel, etc., a complex circuit pattern is typi-
cally formed on a base substrate such as an insulation sub-
strate or a glass substrate. A photolithography method is
widely used to form the circuit pattern.

According to the photolithography method, a photoresist
film is formed on a base substrate, and then a transfer pattern
corresponding to the circuit pattern is used to expose the
photoresist film. Thus, a photo mask is very precisely manu-
factured, and expensive. Hence, an improved process for
reducing the number of the photo masks or a method of
exposing the photoresist film without using the photo mask
has been studied. As the size of a substrate of an LCD panel
becomes larger, manufacturing costs and management for a
photo mask exposing the substrate greatly increases.

Examples of exposure methods that do not use the photo
mask include a digital exposure method, which is receiving
attention as a method in which turning exposure beams on and
off are controlled for each pixel of a transfer pattern in a
digital mode.

In the digital exposure method, accurately performing
coordinate alignment, which aligns exposure areas of a sub-
strate corresponding to a target object and exposure beams,
has become a very important issue. A method of conveniently
and accurately performing the coordinate alignment is
required, and a method of setting a coordinate system for a
large size is also required as target substrates are becoming
increasingly larger.

SUMMARY OF THE INVENTION

Example embodiments of the present invention provide a
method of aligning an exposure apparatus capable of easily
and accurately setting reference coordinates.
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Example embodiments of the present invention also pro-
vide a method of exposing a photoresist film using the above-
mentioned method of aligning an exposure apparatus.

Example embodiments of the present invention also pro-
vide an exposure apparatus for performing the above-men-
tioned method of exposing a photoresist film.

According to one aspect of the present invention, a method
of aligning an exposure apparatus is provided. An origin of a
reference coordinate system is assigned to one of center
points of a plurality of microscopes fixed to a base, and center
point coordinates according to the reference coordinate sys-
tem are assigned to remaining points of the center points, so
that reference marks successively correspond to the center
points. Beam position detection marks disposed between the
reference marks with exposure points of exposure heads fixed
to the base are crossed to assign beam coordinates to the
exposure points according to the reference coordinate system.

Inan example embodiment, before assigning the origin and
the center point coordinates, a plurality of reference masks
having the reference marks spaced apart from each other in a
first direction and in a second direction substantially perpen-
dicular to the first direction and the beam position detection
marks formed between the reference marks may be disposed
in series along the first direction on the base to form a refer-
ence mask array.

In order to assign the origin and the center point coordi-
nates, for example, a first reference mark formed on a first
reference mask may be moved to a first center point of a first
microscope to assign the origin to the first center point. A
second reference mark which is formed on the first reference
mask and spaced apart from the first reference mark substan-
tially in the first direction may be moved to a second center
point of a second microscope adjacent to the first microscope
to assign second center point coordinates to the second center
point. A first reference mark of a second reference mask
which is arrayed in series next to the first reference mask
along the first direction may be moved to the second center
point. Third center point coordinates may be assigned to a
third center point so that a second reference mark of the
second reference mask corresponds to a third center point of
a third microscope adjacent to the second microscope.

In order to assign the center point coordinates, before mov-
ing the second reference mark of the first reference mask to
the second center point, a third reference mark which is
formed on the first reference mask and spaced apart from the
first reference mark substantially in the second direction may
be moved to the first center point to detect the coordinates of
the second reference mark.

Alternatively, in order to assign the center point coordi-
nates, before moving the second reference mark to the second
center point, the second reference mark of the first reference
mask may be moved to the first center point to detect the
coordinates of the second reference mark.

In order to assign the beam coordinates, an exposure beam
may be irradiated onto the beam position detection marks
moving in the second direction by using the exposure heads.
The beam coordinates may be generated based on the position
of'the exposure beam with respect to the beam position detec-
tion marks and a moving distance of the beam position detec-
tion mark.

Substrate coordinates according to the reference coordi-
nate system may be assigned to an alignment mark of a target
substrate observed by each microscope. In order to assign the
substrate coordinates, the alignment mark may be moved
within an observation area of the microscope. The substrate
coordinates may be generated based on a displacement from
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the center point of the microscope to the alignment mark and
a moving distance of the alignment mark.

According to another aspect of the present invention, there
is provided a method of exposing a photoresist film. A refer-
ence mask array has reference masks disposed in series along
a first direction so that reference marks formed on the refer-
ence masks successively correspond to center points of a
plurality of microscopes fixed to a base. An origin of a refer-
ence coordinate system is assigned to one of the center points,
and center point coordinates are assigned to remaining points
of the center points according to the reference coordinate
system.

Beam position detection marks formed between the refer-
ence marks with exposure points of exposure heads are gen-
erated to assign beam coordinates to the exposure points
according to the reference coordinate system.

A target substrate is moved within an observation area of
each microscope to assign substrate coordinates to an align-
ment mark of the target substrate according to the reference
coordinate system.

Turning the exposure points on and off is controlled in
accordance with image data indicating a transfer pattern
based on the substrate coordinates and the beam coordinates
to expose a photoresist film formed on the target substrate.

A moving distance of the reference mask array may be
detected with respect to the base.

In order to assign the substrate coordinates, the target sub-
strate may be loaded onto a stage. The stage is moved so that
the alignment mark of the target substrate may be within the
observation area of the microscope. A displacement of the
alignment mark with respect to the center point of the micro-
scope may be detected from an image observed by the micro-
scope.

Before exposing the photoresist film, target coordinates
designating an exposure position on the photoresist film may
be generated by correcting the image data based on the sub-
strate coordinates and the beam coordinates.

In order to assign the origin and the center point coordi-
nates, a first reference mark formed on a first reference mask
may be moved to a first center point of a first microscope to
assign the origin to the first center point.

A second reference mark which is formed on the first
reference mask and spaced apart from the first reference mark
substantially in the first direction may be moved to a second
center point of a second microscope adjacent to the first
microscope to assign second center point coordinates to the
second center point.

A first reference mark of a second reference mask which is
arrayed in series next to the first reference mask along the first
direction may be moved to the second center point. Third
center point coordinates may be assigned to a third center
point so that a second reference mark of the second reference
mask corresponds to a third center point of a third microscope
adjacent to the second microscope.

Before moving the second reference mark to the second
center point, a third reference mark spaced apart from the first
reference mark substantially in the second direction may be
moved to the first center point to detect the coordinates of the
second reference mark.

Alternatively, before moving the second reference mark to
the second center point, the second reference mark may be
moved to the first center point to detect the coordinates of the
second reference mark.

A first reference mark of a second reference mask which is
arrayed in series next to the first reference mask along the first
direction may be moved to the second center point.
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Third center point coordinates may be assigned to the third
center point so that the second reference mark of the second
reference mask corresponds to a third center point of a third
microscope adjacent to the second microscope.

According to still another aspect of the present invention,
an exposure apparatus includes a base, a stage, a plurality of
reference masks, a photographing module, a scan module and
a system control part.

The stage moves a target substrate on the base.

The reference masks includes a plurality of reference
marks disposed in series along a first direction on the stage
and spaced apart from each other in the first direction and in
a second direction substantially perpendicular to the first
direction and beam position detection marks.

The photographing module includes a plurality of micro-
scopes fixed to the base. An origin of a reference coordinate
system and center point coordinates of each microscope are
determined so that each reference mark moved by the stage
corresponds to a center point of a microscope. The micro-
scopes observe substrate coordinates of an alignment mark of
the target substrate.

The scan module includes a plurality of exposure heads
fixed to the base with respect to positions. Beam coordinates
of'each exposure head are determined using the beam position
detection marks. The exposure heads irradiate exposure
beams onto a photoresist film formed on the target substrate in
accordance with image data transferred onto the target sub-
strate.

The system control part calculates the center point coordi-
nates, the substrate coordinates and the beam coordinates,
and controls movement of the stage and scan timing of the
scan module based on the substrate coordinates and the beam
coordinates.

In an example embodiment, the exposure apparatus may
further include a position-detecting sensor irradiating light
onto the stage to measure a moving distance in the first and
second directions of the stage.

The system control part may include a data processing
section, a moving control section and a scan control section.

The data processing section generates the center point
coordinates and the beam coordinates based on the origin, the
moving distance of the stage and a positional relationship
between the reference mark and the beam position detection
marks, and generates target coordinates designating an expo-
sure position by correcting the image data based on the sub-
strate coordinates and the beam coordinates. The moving
control section outputs a moving signal moving the stage in
the first and second directions. The scan control section con-
trols on and off timing of the exposure beams based on the
moving signal and the target coordinates.

Each of the exposure heads may include a digital micro-
mirror device (DMD) of which pixels selectively reflecting
source beams provided from a laser source in accordance with
the image data, and an optical device projecting the selec-
tively reflected beams from the DMD into the exposure
beams.

According to the above, coordinates according to a single
reference coordinate system may be easily assigned to a
microscope, an exposure head and a target substrate to
improve the efficiency of an exposure process. In addition, a
plurality of reference masks may be aligned to easily expose
a photoresist film on a large-size target substrate, and the
microscope, the coordinates of the exposure head and the
target substrate may be read by moving only a stage, to greatly
reduce alignment errors.
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BRIEF DESCRIPTION OF THE DRAWINGS

The above and other features and advantages of the present
invention will become more apparent by describing in
detailed example embodiments thereof with reference to the
accompanying drawings.

FIG. 1 is a flowchart illustrating a method of aligning an
exposure apparatus before exposing a target substrate by
using the exposure apparatus;

FIGS. 2A to 2E are plan views illustrating the method of
aligning the exposure apparatus in FIG. 1;

FIG. 3 is a plan view illustrating a method of assigning
beam coordinates;

FIG. 4 is a flowchart illustrating a method of exposing a
photoresist film formed on the target substrate by using the
method of aligning the exposure apparatus illustrated in
FIGS.1to 3,

FIG. 5 is a plan view illustrating assigning substrate coor-
dinates;

FIG. 6 is a plan view illustrating exposing a photoresist
film;

FIG. 7 is a perspective view illustrating an exposure appa-
ratus according to an example embodiment of the present
invention;

FIG. 8 is a plan view illustrating first, second, third and
fourth reference masks illustrated in FIG. 7,

FIG. 9 is a perspective view illustrating a scan module
illustrated in FIG. 7;

FIG. 10 is a perspective view illustrating an example of an
exposure head illustrated in FIG. 9; and

FIG. 11 is a block diagram illustrating an example of a
system control part illustrated in FIG. 7.

DETAILED DESCRIPTION OF THE INVENTION

The present invention is described more fully hereinafter
with reference to the accompanying drawings, in which
example embodiments of the present invention are shown.
The present invention may, however, be embodied in many
different forms and should not be construed as limited to the
example embodiments set forth herein. Rather, these example
embodiments are provided so that this disclosure will be
thorough and complete, and will fully convey the scope of the
present invention to those skilled in the art. In the drawings,
the sizes and relative sizes of layers and regions may be
exaggerated for clarity.

It will be understood that when an element or layer is
referred to as being “on,” “connected to” or “coupled to”
another element or layer, it can be directly on, connected or
coupled to the other element or layer or intervening elements
or layers may be present. In contrast, when an element is
referred to as being “directly on,” “directly connected to” or
“directly coupled to” another element or layer, there are no
intervening elements or layers present. Like numerals refer to
like elements throughout. As used herein, the term “and/or”
includes any and all combinations of one or more of the
associated listed items.

It will be understood that, although the terms first, second,
third etc. may be used herein to describe various elements,
components, regions, layers and/or sections, these elements,
components, regions, layers and/or sections should not be
limited by these terms. These terms are only used to distin-
guish one element, component, region, layer or section from
another region, layer or section. Thus, a first element, com-
ponent, region, layer or section discussed below could be
termed a second element, component, region, layer or section
without departing from the teachings of the present invention.
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Spatially relative terms, such as “beneath,” “below,”
“lower,” “above,” “upper” and the like, may be used herein for
ease of description to describe one element or feature’s rela-
tionship to another element(s) or feature(s) as illustrated in
the figures. It will be understood that the spatially relative
terms are intended to encompass different orientations of the
device in use or operation in addition to the orientation
depicted in the figures. For example, if the device in the
figures is turned over, elements described as “below” or
“beneath” other elements or features would then be oriented
“above” the other elements or features. Thus, the exemplary
term “below” can encompass both an orientation of above and
below. The device may be otherwise oriented (rotated 90
degrees or at other orientations) and the spatially relative
descriptors used herein interpreted accordingly.

The terminology used herein is for the purpose of describ-
ing particular example embodiments only and is not intended
to be limiting of the present invention. As used herein, the
singular forms “a,” “an” and “the” are intended to include the
plural forms as well, unless the context clearly indicates oth-
erwise. It will be further understood that the terms “com-
prises” and/or “comprising,” when used in this specification,
specify the presence of stated features, integers, steps, opera-
tions, elements, and/or components, but do not preclude the
presence or addition of one or more other features, integers,
steps, operations, elements, components, and/or groups
thereof.

Example embodiments of the invention are described
herein with reference to cross-sectional illustrations that are
schematic illustrations of idealized example embodiments
(and intermediate structures) of the present invention. As
such, variations from the shapes of the illustrations as a result,
for example, of manufacturing techniques and/or tolerances,
are to be expected. Thus, example embodiments of the
present invention should not be construed as limited to the
particular shapes of regions illustrated herein but are to
include deviations in shapes that result, for example, from
manufacturing. For example, an implanted region illustrated
as a rectangle will, typically, have rounded or curved features
and/or a gradient of implant concentration at its edges rather
than a binary change from implanted to non-implanted
region. Likewise, a buried region formed by implantation
may result in some implantation in the region between the
buried region and the surface through which the implantation
takes place. Thus, the regions illustrated in the figures are
schematic in nature and their shapes are not intended to illus-
trate the actual shape of a region of a device and are not
intended to limit the scope of the present invention.

Unless otherwise defined, all terms (including technical
and scientific terms) used herein have the same meaning as
commonly understood by one of ordinary skill in the art to
which this invention belongs. It will be further understood
that terms, such as those defined in commonly used dictio-
naries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant art
and will not be interpreted in an idealized or overly formal
sense unless expressly so defined herein.

Hereinafter, the present invention will be explained in
detail with reference to the accompanying drawings.

Method of Aligning an Exposure Apparatus

Aligning an exposure apparatus implies that before an
exposure process for a target object is performed, a reference
coordinate system is set, and present coordinates of various
modules of the exposure apparatus are confirmed according
to the reference coordinate system, so that actual positions
onto which exposure beams are irradiated are finally con-
firmed according to the reference coordinate system. After the
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exposure apparatus is aligned, exposure points of the target
object and the exposure beams may be accurately aligned to
perform the exposure process.

FIG. 1 is a flowchart illustrating a method of aligning an
exposure apparatus before exposing a target substrate by
using the exposure apparatus. FIGS. 2A to 2E are plan views
illustrating the method of aligning the exposure apparatus in
FIG. 1.

Referring to FIGS. 1 and 2A, in order to align an exposure
apparatus, first, an origin of the reference coordinate system
is assigned to one of the center points P1, P2, P3 and P4, and
center point coordinates according to the reference coordi-
nate system are assigned to remaining points of the center
points P1, P2, P3 and P4, so that reference marks 111, 113,
115 and 117 successively correspond to center points P1, P2,
P3 and P4 of a plurality of microscopes 21,23, 25 and 27 fixed
to a base 18 (step S30).

Before assigning the origin and the center point coordi-
nates, as illustrated in FIG. 2 A, a reference mask array may be
formed (step S10). The reference mask array is formed by
aligning a plurality of reference masks in a row, and the
reference mask corresponds to a reference for confirming and
setting a position relationship between the various modules of
the exposure apparatus.

In a method of aligning an exposure apparatus according to
an example embodiment of the present invention, the larger
the size of a target object becomes, the more a plurality of the
reference masks is arranged in series. Thus, the method of
aligning the exposure apparatus may greatly enlarge an area
of the reference coordinate system. For example, a plurality
of reference masks is disposed in series along a first direction
X of the base 18 to form the reference mask array. First,
second, third and fourth reference masks 110, 130, 150 and
170 arranged in series along the first direction X are illus-
trated in FIG. 2A.

The reference mask 110 may have a substantially rectan-
gular shape. Four reference marks 111, 113, 115 and 117 are
formed on four corner portions of the reference mask 110 to
be spaced apart from each other in the first direction X and a
second direction Y substantially perpendicular to the first
direction X, and beam position detection marks 112 are
formed on the reference mask 110.

In order to assign the origin and the center point coordi-
nates, for example, as illustrated in FIG. 2A, the first refer-
ence mark 111 formed on the first reference mask 110 is
moved to the first center point P1 of the first microscope 21 to
assign the origin to the first center point P1 (step S31).

The stage 14 is controlled by a system control part to be
moved in the first direction X and the second direction Y. The
stage 14 moves the reference masks 110, 130,150 and 170 in
the first and second directions X and Y.

When the first reference mark 111 of the first reference
mask 110 is aligned to the first center point P1 of the first
microscope 21 by the stage 14, the origin of the reference
coordinate system is assigned to the first center point P1. The
position of the first center point P1 may be stored in a data
memory of the system control part.

The reference coordinate system may correspond to a
plane coordinate system, and may have two coordinate axes
substantially perpendicular to each other with the origin of
the first center point P1. The two coordinate axes may be
substantially the same as the first and second directions X and
Y. When the stage 14 ascends and descends, the reference
coordinate system may correspond to a three-dimensional
coordinate system.

Thereafter, as illustrated in FIG. 2C, the second reference
mark 113 spaced apart from the first reference mark 111
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substantially in the first direction X is moved to the second
center point P2 of the second microscope 23 adjacent to the
first microscope 21 to assign second center point coordinates
to the second center point P2 (step S33).

When the first reference mark 111 corresponds to the first
center point P1, that is, the origin, displacement from the first
reference mark 111 to the second reference mark 113 may be
obtained from size information of the first reference mask
110.

The reference masks 110, 130, 150 and 170 and the refer-
ence marks 111, 113, 115 and 117 may be precisely manu-
factured to have an error ranging from about several to tens of
nanometers. Thus, a moving distance of the second reference
mark 113 to the second center point P2 is subtracted from the
previously known displacement from the first reference mark
111 to the second reference mark 113 to detect the coordi-
nates of the second center point P2.

The moving distance of the stage 14 may be measured by
using an optical sensor fixed to the base 18, and the system
control part may calculate the second center point coordinates
by using the moving distance and the displacement from the
first reference mark 111 to the second reference mark 113.

When the reference masks 110, 130, 150 and 170 are
microscopically observed, the reference masks 110,130, 150
and 170 are not exactly aligned but “crookedly” disposed, that
is, disposed with a rotation error on an X-Y plane. Thus,
alignment errors of the first reference mask 110 may be
reflected in the second center point coordinates.

Accordingly, in order to compensate for the alignment
error of the reference masks 110, 130, 150 and 170, before the
second center point coordinates are assigned, that is, before
the second reference mark 113 is moved to the second center
point P2, the third reference mark 115 may be moved to the
first center point P1 as illustrated in FIG. 2B.

The third reference mark 115 is spaced apart from the first
reference mark 111 substantially in the second direction Y.
When the third reference mark 115 is moved to the first center
point P1, the angle of the first reference mask 110 rotated on
the coordinate plane of the reference coordinate system may
be determined from the moving distance in the first and sec-
ond directions X and Y by using the system control part. Thus,
the coordinates of the second reference mark 113 may be
determined more accurately.

In order to correct the coordinates of the second reference
mark 113, alternatively, before the second reference mark 113
is moved to the second center point P2, the second reference
mark 113 may be moved to the first center point P1. In this
case, since the first center point P1 is the origin, the coordi-
nates of the second reference mark 113 may be detected
directly from the moving distance of the second reference
mark 113 in the first and second directions X and Y.

Inthis case, since a long side of the first reference mask 110
is disposed in the first direction X, the travel distance of the
stage 14 is increased and a stage moving error may be added
in comparison with correcting the coordinates of the second
reference mark 113 by using the third reference mark 115 as
described above. However, when a rotation error is measured
by using the first and second reference marks 111 and 113, a
displacement value is relatively large in comparison with
measuring the rotation error by using the first and third ref-
erence marks 111 and 115. Thus, a measurement error may be
reduced due to easy discrimination of an image.

After assigning the second center point coordinates, as
illustrated in FIG. 2D, a first reference mark 131 of'the second
reference mask 130 is moved to the second center point P2
(step S35). The second reference mask 130 is disposed adja-
cent to the first reference mask 110 in the first direction X.
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The coordinates of the first reference mark 131 of the
second reference mask 130 may be determined from a mov-
ing distance of the first reference mark 131 of the second
reference mask 130 to the second center point P2.

Then, a process of determining a coordinate described in
FIG. 2A to 2D is repeated on a reference of the coordinates of
the first reference mark 131 of the second reference mask 130.

Thus, a third reference mark 135 of the second reference
mask 130 is moved to the second center point P2 as illustrated
in FIG. 2E. Accordingly, using the same logic as described
above, the coordinates of the second reference mark 133 of
the second reference mask 130 may be determined.

Thereafter, the third center point coordinates to the third
center point P3 is assigned so that the second reference mark
133 of the second reference mask 130 corresponds to the third
center point P3 of the third microscope 25 adjacent to the
second microscope 23 (step S37).

The center point coordinates may be assigned with respect
to a plurality of microscopes, for example, the first, second,
third and fourth microscopes 21, 23, 25 and 27 by using the
above described method. Thus, the origin and the reference
coordinate system according to the first direction X and the
second directionY are determined, and the center point coor-
dinates of the first, second, third and fourth microscopes 21,
23, 25 and 27 according to the reference coordinate system
are determined.

FIG. 3 is a plan view illustrating a method of assigning
beam coordinates.

Referring to FIGS. 1 to 3, after the origin and the center
point coordinates are assigned, the beam position detection
marks 112 disposed between the first, second, third and fourth
reference marks 111, 113, 115 and 117 are crossed with
exposure points EP of exposure heads fixed to the base 18 to
assign beam coordinates of the exposure points EP according
to the reference coordinate system (step S50).

The number of the reference masks 110, 130, 150 and 170
may be determined by considering the number and sizes of
the exposure heads and manufacturing precision according to
sizes of the reference masks 110, 130, 150 and 170. When the
reference masks 110, 130, 150 and 170 are connected in series
along the first direction X by one row, a beam position is hard
to detect at a connection portion between the reference masks
110, 130, 150 and 170.

Thus, the reference masks 110, 130, 150 and 170 may be
arranged along the first direction X by two rows so as to detect
the beam position at the connection portion between the ref-
erence masks 110, 130, 150 and 170.

Alternatively, in a case where the reference masks 110,
130, 150 and 170 are disposed along the first direction X by
one row, after an exposure head, a beam position of which is
measurable, is previously measured, the stage 14 may be
moved in the first direction X by a predetermined distance to
measure beam positions of remaining exposure heads.

In order to assign the beam coordinates, the exposure beam
from the exposure head is irradiated onto the beam position
detection marks 112 moved in the second direction Y by the
stage 14. The exposure beam passing through the beam posi-
tion detection marks 112 may be detected by using an optical
sensor disposed under the beam position detection marks 112.

The shape of the beam position detection mark 112 may be
variously modified. In an example embodiment, the beam
position detection mark 112 may have a V-shape illustrated in
FIG. 3, which is well known. For example, the beam position
detection mark 112 may be similar to a beam position detec-
tion mark disclosed in Japanese Laid-Open Publication No.
2005-316461. Two pulses P1 and P2 may be detected from
the exposure beam passing through the beam position detec-
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10
tion marks 112 as illustrated in FIG. 3. The position of the
exposure point EP may be detected from an interval between
the pulses P1 and P2 obtained by measuring the moving
distance of the stage 14 and a reference point RP (for
example, a vertex point of the V-shape) of the beam position
detection mark 112.

A displacement from the first reference mark 111 to the
reference point RP is already determined in an error range of
about 10 nm to about 20 nm from the shape of the first
reference mask 110.

As a result, the beam coordinates may be generated by the
position of the exposure beam with respect to the reference
point RP and a moving distance of the beam position detec-
tion mark 112. The beam coordinates provide irradiation
points of the exposure beams in the reference coordinate
system.

According to the method of aligning an exposure apparatus
of the present invention, a process of setting the reference
coordinate system is simple so that the reference coordinate
system may be easily set, and the beam coordinates of the
exposure beams may be easily set according to the reference
coordinate system. In addition, the number of the reference
masks used corresponding to the size of the target object may
be adjusted to be effective in enlargement of the target object.

Method of Exposing a Photoresist Film

FIG. 4 is a flowchart illustrating a method of exposing a
photoresist film formed on the target substrate by using the
method of aligning the exposure apparatus illustrated in
FIGS. 1 to 3. FIG. 5 is a plan view illustrating assigning
substrate coordinates. FIG. 6 is a plan view illustrating expos-
ing a photoresist film.

Referring to FIGS. 4 and 5, in a method of exposing a
photoresist film, a photoresist film 11 is formed on a target
substrate 12 corresponding to an object to be exposed. When
a pattern is formed on a substrate of a liquid crystal display
(LCD) panel or on a printed circuit board (PCB), the photo-
resist film 11 is used to form a mask of the pattern. The
photoresist film 11 may be formed by coating photosensitive
resin such as an epoxy resin on a surface of a glass substrate.

In order to expose the photoresist film 11, first, an exposure
apparatus is aligned (step S310). The method of aligning the
exposure apparatus is substantially the same as the method of
aligning the exposure apparatus described in FIGS. 1 to 3.
Thus, the same reference numerals are used to refer to sub-
stantially the same elements of the exposure apparatus, and
any further description for the method of aligning the expo-
sure apparatus will be omitted.

By using the method of aligning the exposure apparatus, an
origin is assigned to one of the center points P1, P2, P3 and P4
of the first, second, third and fourth microscopes 21, 23, 25
and 27 fixed to the base 18 and the reference coordinate
system is determined. In addition, center point coordinates
according to the reference coordinate system are assigned to
remaining points of the first, second, third and fourth center
points P1, P2, P3 and P4. The beam coordinates of the expo-
sure points EP of the exposure heads are assigned by using a
beam position determination pattern.

After the exposure apparatus is aligned, substrate coordi-
nates according to the reference coordinate system is
assigned to an alignment mark 13 of the target substrate 12
(step S330).

In order to assign the substrate coordinates, the target sub-
strate 12 is loaded onto the stage 14. The stage 14 is moved
and thus the alignment mark 13 of the target substrate 12 is, as
illustrated in FIG. 5, moved into an observation area of an
adjacent microscope, for example, the first microscope 21.
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A displacement from the first center point P1 of the first
microscope 21 to the alignment mark 13 is calculated by the
system control part of the exposure apparatus. The displace-
ment from the first center point P1 to the alignment mark 13
may be obtained from the number of pixels between the first
center point P1 and the alignment mark 13 in an image
observed by the first microscope 21. Analysis of the image
and calculation of the number of the pixels may be performed
in a data processing section such as a microprocessor of the
system control part.

Thus, the substrate coordinates indicating the position of
the alignment mark 13 in the reference coordinate system
may be determined by the displacement from the first center
point P1 to the alignment mark 13 and a moving distance of
the alignment mark 13.

Finally, the photoresist film 11 formed on the target sub-
strate 12 is exposed using the substrate coordinates and the
beam coordinates (step S350).

Thus, moving of the stage 14 and scan timing of the expo-
sure heads is controlled using the substrate coordinates and
the beam coordinates. The control of the scan timing may be
performed by the system control part.

The reference coordinate system, the center point coordi-
nates, the substrate coordinates and the beam coordinates are
generated by the data processing section of the system control
part, and then stored in the data memory of the system control
part. On the photoresist film 11, the exposure points EP of the
exposure heads are controlled to turn on (EP1) and off (EP0)
according to image data by the system control part. The image
data designates the coordinates of areas to be exposed on the
photoresist film 11, i.e., target coordinates.

The stage 14 moves the photoresist film 11 to under the
exposure head along the second direction Y. As soon as the
target coordinates of the photoresist film 11 corresponds to
the exposure point EP of the exposure heads, the exposure
points EP is turned on (EP1), as illustrated in FIG. 6.

The exposure beams may be irradiated onto the exposure
points EP in accordance with the target coordinates and a
digital signal by using a device known as a digital micro-
mirror device (DMD). The beams are reflected from a digital
mirror of an associated cell of the DMD to generate the
exposure beam, and the exposure beam is emitted from the
exposure head.

During a scan operation of the exposure head, the exposure
beams are selectively irradiated onto the target coordinates on
the photoresist film 11. As a result, properties of the photo-
resist film 11 corresponding to an exposed area are changed.
After an exposure process according to an exposure method
of'the present invention, a photoresist pattern may be formed
on the target substrate through a development process.

The exposure heads are arranged in a matrix of m rows and
n columns, and the column is substantially parallel with the
second direction Y. The exposure heads may be crookedly
arranged by rows. Thus, exposure line width resolution may
be greatly increased.

The rows of the exposure heads form an acute angle 6 with
respect to the first direction X. Thus, with a scan only in the
second direction Y, the exposure pattern may be formed both
in the second direction Y and in the first direction X.

Exposure Apparatus

FIG. 7 is a perspective view illustrating an exposure appa-
ratus according to an example embodiment of the present
invention.

Referring to FIG. 7, an exposure apparatus 10 includes a
base 18, a stage 14, reference masks 110, 130, 150 and 170, a
photographing module 20, a scan module 30 and a system
control part. For example, the external appearance of the
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exposure apparatus 10 in FIG. 7 may be similar to that of an
exposure apparatus in Japanese Laid-Open Publication No.
2005-316461.

The base 18 is supported by a support 16 or a vibration
isolation table.

The stage 14 moves a target substrate 12. The stage 14 is
disposed on the base 18. The stage 14 may be moved on the
base 18 in a width direction (hereinafter referred to as “first
direction X”’) and in a length direction (hereinafter referred to
as “second direction Y”) of the stage 14.

Thus, a driving module 15 may be further disposed
between the base 18 and the stage 14. The driving module 15
precisely drives the stage 14 within an error range of tens of
nanometers. Thus, the driving module 15 drives the stage 14
in the first and second directions X and Y by using a linear
motor and air bearings.

The exposure apparatus 10 may further include a position-
detecting sensor such as a linear scaler or a laser interferom-
eter. For example, the position-detecting sensor such as a
laser interferometer irradiates light onto the stage 14 to mea-
sure a moving distance in the first and second directions X and
Y of the stage 14, and controls a position in real time.

FIG. 8 is a plan view illustrating first, second, third and
fourth reference masks illustrated in FIG. 7.

Referring to FIGS. 7 and 8, the first, second, third and
fourth reference masks 110, 130, 150 and 170 are used to
assign coordinates according to a single reference coordinate
system to the photographing module 20 and the scan module
30.

The first, second, third and fourth reference masks 110,
130,150 and 170 are disposed on an edge portion of the stage
14 in series along the first direction X. In other words, the
exposure apparatus 10 according to an example embodiment
of the present invention includes a plurality of reference
masks disposed in series, to be effectively used when the
target substrate 12 and the exposure apparatus 10 have large
sizes. The first reference mask 110 may have a substantially
rectangular plate shape, and may be formed using a material
that exhibits almost no thermal deformation such as zerodur.
A length direction of the first reference mask 110 is substan-
tially parallel with the first direction X.

First, second, third and fourth reference marks 111, 113,
115 and 117 and beam position detection marks 112 may be
formed on the first, second, third and fourth reference masks
110, 130, 150 and 170. The first, second, third and fourth
reference marks 111, 113, 115 and 117 may have a cross
shape or a rectangular shape, and the beam position detection
mark 112 may have a slit pattern.

The first, second, third and fourth reference marks 111,
113, 115 and 117 are formed on four corner portions of the
first, second, third and fourth reference masks 110, 130, 150
and 170. The first and third reference marks 111 and 115 are
spaced apart from each other in the second direction Y. The
second and fourth reference marks 113 and 117 are spaced
apart from the first and third reference marks 111 and 115 in
the first direction X, respectively.

The beam position detection marks 112 may be crossed
with the exposure beam to obtain a displacement of the expo-
sure beam from a reference point of a pattern. The shape of the
beam position detection mark 112 may be variously modified.
For example, the beam position detection mark 112 is the
same to the beam position detection mark 112 illustrated in
FIG. 3.

The beam position detection mark 112 corresponds to a
light slit, and the light slit may have a substantially V-shape.
The light slit may be formed by forming a metal layer, such as
a layer of chromium formed by chrome plating on the glass,
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and opening a transmitting portion having a V-shape through
the metal layer. The beam position detection marks 112 may
be disposed so that the entrance of the V-shape is open in the
first direction X.

The first, second, third and fourth reference masks 110,
130, 150 and 170 may be disposed differently from the posi-
tions illustrated in FIG. 8. For example, the first, second, third
and fourth reference masks 110, 130, 150 and 170 may be not
parallel with the first direction X but a little crookedly dis-
posed as illustrated in FIG. 8. In FIG. 8, the first, second, third
and fourth reference masks 110, 130, 150 and 170 are shown
as exaggeratedly crooked for illustration purposes.

The photographing module 20 generates the reference
coordinate system, and reads the coordinates of the target
substrate 12. The photographing module 20 includes a plu-
rality of microscopes, for example, first, second, third and
fourth microscopes 21, 23, 25 and 27.

The first, second, third and fourth microscopes 21, 23, 25
and 27 are fixed to the base 18 with respect to their positions.
Thus, first, second, third and fourth center points P1, P2, P3
and P4 of the first, second, third and fourth microscopes 21,
23, 25 and 27 have constant positions with respect to the base
18.

The first, second, third and fourth reference masks 110,
130, 150 and 170 are moved in the first direction X and in the
second direction Y by the stage 14 according to a predeter-
mined order described later, so that reference marks corre-
spond to the first, second, third and fourth center points P1,
P2, P3 and P4 of the first, second, third and fourth micro-
scopes 21, 23, 25 and 27, respectively.

An origin of the reference coordinate system is assigned to
one of the first, second, third and fourth center points P1, P2,
P3 and P4, so that the reference marks successively corre-
spond to the first, second, third and fourth center points P1,
P2, P3 and P4 of the first, second, third and fourth micro-
scopes 21, 23, 25 and 27, respectively.

In addition, center point coordinates are assigned to
remaining points of the first, second, third and fourth center
points P1, P2, P3 and P4 relative to the origin, based upon a
moving distance in the first and second directions X and Y of
the stage 14 and the predetermined relative positional rela-
tionship of the first, second, third and fourth reference marks
111,113, 115 and 117.

The first, second, third and fourth microscopes 21, 23, 25
and 27 observe substrate coordinates of an alignment mark of
the target substrate 12. Since the center point coordinates of
the first, second, third and fourth microscopes 21, 23, 25 and
27 are predetermined in the reference coordinate system, the
coordinates of the alignment mark in the reference coordinate
system may be determined by a displacement from the center
point coordinates to the alignment mark and the moving
distance of the stage 14.

FIG. 9 is a perspective view illustrating a scan module
illustrated in FIG. 7. FI1G. 10 is a perspective view illustrating
an example of an exposure head illustrated in FIG. 9.

Referring to FIG. 9, the scan module 30 includes a plurality
of exposure heads 31. For example, the external appearance
of'the scan module 30 in FIG. 9 may be similar to that of a scan
module disclosed in Japanese Laid-Open Publication No.
2005-316461. The exposure heads 31 are fixed to the base 18
with respect to their positions. Thus, positions of exposure
points of the exposure heads 31 are constant. The exposure
heads 31 selectively irradiate exposure beams onto the expo-
sure points.

The exposure heads 31 are arranged in a matrix of m rows
and n columns. The rows are substantially parallel with the
second direction Y. The rows form an acute angle 6 with
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respect to the first direction X. The exposure heads 31 are a
little crookedly arranged by rows. Thus, in a scan in the
second directionY, the exposure heads 31 are arranged so that
an area that is not scanned does not exist.

Referring to FIG. 10, each exposure head 31 may include a
DMD 36 and an optical device 50.

The DMD 36 receives source beams from a laser source.
The source beams may correspond to an ultraviolet (UV) ray
for exposing a photoresist film. The DMD 36 of which pixels
selectively reflect the source beams based on image data
transferred onto the target substrate 12.

The optical device 50 includes a plurality of lenses, and
converts light selectively reflected from the DMD 36 into the
exposure beam.

The beam coordinates of the exposure heads 31 are deter-
mined by the beam position detection marks 112. The expo-
sure heads 31 irradiate beams of coordinates corresponding to
the image data.

FIG. 11 is a block diagram illustrating an example of a
system control part illustrated in FIG. 7.

Referring to FIG. 11, the system control part may include
a data processing section 55, a moving control section 65, a
scan control section 57, an image processing section 49 and a
data memory 61.

The first, second, third and fourth microscopes 21, 23, 25
and 27 are coupled to the image processing section 49, cal-
culation of the displacement between the alignment mark 13
and the center points of the microscopes and calculation of the
substrate coordinates is performed in the image processing
section 49. A keyboard 51 indicating the start of a process or
a display device 53 emphasizing an image observed by the
first, second, third and fourth microscopes 21, 23, 25 and 27
or displaying a process may be coupled to the image process-
ing section 49.

The data processing section 55 corresponds to a control
section managing the system control part, and moving of the
stage 14 and scan timing of the scan module 30 is controlled
based on the substrate coordinates and the beam coordinates.

The data processing section 55 generates the center point
coordinates and the beam coordinates based on the origin, the
moving distance and a positional relationship between the
reference mark and the beam position detection marks 112. In
addition, the data processing section 55 corrects the image
data and generates target coordinates designating an exposure
position of the photoresist film 11 formed on the target sub-
strate 12 based on the substrate coordinates and the beam
coordinates.

The moving control section 65 outputs a moving signal for
moving the stage 14 in the first and second directions X and Y.
The scan control section 57 controls on and off timing of the
exposure beams by using the moving signal and the target
coordinates.

The data memory 61 may store and read the reference
coordinate system, the center point coordinates, the substrate
coordinates and the beam coordinates.

According to the above exposure apparatus, the center
point of the microscope is allowed to correspond to the ref-
erence mark of the reference mask, or the coordinates of the
exposure head using the beam position detection marks is
confirmed. Thus, the center point coordinates, the beam coor-
dinates and the substrate coordinates according to the refer-
ence coordinate system may be easily and accurately gener-
ated.

In addition, the number of the reference masks arranged in
series may be increased or decreased in accordance with the
size of the target substrate. Thus, a photoresist film of a



US 9,329,504 B2

15

large-size target substrate may be exposed, and the efficiency
of an exposure process may be enhanced.

According to the method of aligning an exposure appara-
tus, the method of exposing a photoresist film by using the
method and the exposure apparatus for performing the
method of exposing a photoresist film, an exposure apparatus
may be easily aligned, and alignment errors may be greatly
reduced, thereby increasing exposure quality such as overlay
quality, and allowing an alignment process and an exposure
process of a large-size target substrate to be effectively per-
formed. Thus, the present invention may be effective for
increasingly larger target objects such as a substrate of an
LCD panel, and applied to enhancing the precision and yield
of an exposure process for a large-size target.

The foregoing is illustrative of the present invention and is
not to be construed as limiting thereof. Although a few
example embodiments of the present invention have been
described, those skilled in the art will readily appreciate that
many modifications are possible in the example embodiments
without materially departing from the novel teachings and
advantages of the present invention. Accordingly, all such
modifications are intended to be included within the scope of
the present invention as defined in the claims. In the claims,
means-plus-function clauses are intended to cover the struc-
tures described herein as performing the recited function and
not only structural equivalents but also equivalent structures.
Therefore, it is to be understood that the foregoing is illustra-
tive of the present invention and is not to be construed as
limited to the specific example embodiments disclosed, and
that modifications to the disclosed example embodiments, as
well as other example embodiments, are intended to be
included within the scope of the appended claims. The
present invention is defined by the following claims, with
equivalents of the claims to be included therein.

What is claimed is:

1. A method of aligning an exposure apparatus, compris-
ing:

moving a first reference mark formed on a first reference

mask to a first center point of a first microscope to assign
an origin to the first center point;

obtaining coordinates of a second reference mark on the

first reference mask by moving a third reference mark on
the first reference mask to the first center point, the third
reference mark spaced apart from the first reference
mark;

moving the second reference mark to a second center point

of a second microscope to assign second center point
coordinates to the second center point; and

moving a first reference mark of a second reference mask to

the second center point, wherein the second reference
mask is arrayed in series next to the first reference mask.

2. The method of claim 1, wherein assigning the second
center point coordinates further comprises:

prior to moving the second reference mark of the first

reference mask to the second center point,

moving the second reference mark to the first center point

to obtain the coordinates of the second reference mark.

3. The method of claim 1, wherein

the moving a first reference mark assigns the origin of a

reference coordinate system to the first center point, and
the first and second microscopes are fixed to a base.

4. The method of claim 3, further comprising:

crossing beam position detection marks disposed between

the first and second reference marks with an exposure
point of exposure heads fixed to the base to assign beam
coordinates to the exposure point according to the ref-
erence coordinate system.
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5. The method of claim 4, further comprising:

irradiating an exposure beam onto the beam position detec-
tion marks using the exposure heads; and

generating the beam coordinates based on the position of
the exposure beam with respect to the beam position
detection marks and a moving distance of the beam
position detection marks.

6. The method of claim 3, further comprising:

assigning substrate coordinates according to the reference
coordinate system to an alignment mark of a target sub-
strate observed by the first and second microscopes.

7. A method of aligning an exposure apparatus, compris-

ing:

assigning an origin of a reference coordinate system to a
first center point of a plurality of microscopes fixed to a
base;

assigning center point coordinates to a second center point
according to the reference coordinate system by corre-
sponding reference marks to the second center point,
wherein the reference marks are formed on a plurality of
reference masks; and

crossing beam position detection marks disposed between
the reference marks with an exposure point of exposure
heads fixed to the base to assign beam coordinates to the
exposure point according to the reference coordinate
system.

8. The method of claim 7, further comprising:

irradiating an exposure beam onto the beam position detec-
tion marks using the exposure heads; and

generating the beam coordinates based on the position of
the exposure beam with respect to the beam position
detection marks and a moving distance of the beam
position detection marks.

9. The method of claim 7, further comprising:

assigning substrate coordinates according to the reference
coordinate system to an alignment mark of a target sub-
strate observed by each of the plurality of microscopes.

10. A method of exposing a photoresist film, comprising:

moving a reference mask array having reference masks to
an observation area of a plurality of microscopes so that
reference marks correspond to center points of the plu-
rality of microscopes fixed to a base, wherein the refer-
ence marks are formed on the reference masks;

assigning an origin of a reference coordinate system to a
first center point of the center points;

assigning center point coordinates to a second center point
according to the reference coordinate system;

crossing beam position detection marks formed between
the reference marks with exposure points of exposure
heads to assign beam coordinates to the exposure points
according to the reference coordinate system;

moving a target substrate to the observation area of each of
the plurality of microscopes to assign substrate coordi-
nates to an alignment mark of the target substrate
according to the reference coordinate system; and

turning the exposure points on and off in accordance with
image data indicating a transfer pattern in order to
expose a photoresist film formed on the target substrate
by using the substrate coordinates and the beam coordi-
nates.

11. The method of claim 10, further comprising:

irradiating an exposure beam onto the beam position detec-
tion marks using the exposure heads; and

generating the beam coordinates based on the position of
the exposure beam with respect to the beam position
detection marks and a moving distance of the beam
position detection marks.
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